Development Of Ph-Sensitive 

Gelatin-Based Intelligent Film 

Incorporating Dragon Fruit Skin Powder by Azlim, Nurnabila Afiqah
  
 
DEVELOPMENT OF pH-SENSITIVE  
GELATIN-BASED INTELLIGENT FILM  









A dissertation submitted in partial fulfilment of the requirements for degree of 
Bachelor of Technology (B. Tech.) in the field of Food Technology 
School of Industrial Technology 









PUSAT PENGAJIAN TEKNOLOGI 
INDUSTRI UNIVERSITI SAINS 
MALAYSIA 
 
BORANG PENYERAHAN DISERTASI 





Nama penyelia:   Dr. Abdorreza Mohammadi Nafchi   
  
Bahagian:    Teknologi Makanan    
  
Saya telah menyemak semua pembetulan/pindaan yang dilaksanakan oleh  
Encik/Puan/Cik     Nurnabila Afiqah binti Azlim    
 
mengenai disertasinya sebagaimana yang dipersetujui oleh Panel Pemeriksa di Viva 
Voce-nya.  
  
2.  Saya ingin mengesahkan bahawa saya berpuashati dengan pembetulan/pindaan 
yang dilaksanakan oleh calon.  
  
  














DECLARATION BY AUTHOR 
 
This dissertation is composed of my original work and contains no material previously 
published or written by another person except where due reference has been made in 
the text. The content of my dissertation is the result of work I have carried out since   
the commencement of my research project and does not include a substantial part of 
work that has been submitted to qualify for the award of any other degree or diploma 



















First and foremost, I would like to express my utmost sincere appreciation and 
gratitude to my supervisor, Dr. Abdorreza Mohammadi Nafchi for his provision, 
guidance and encouragements throughout the whole research and writing of thesis. 
With his valuable comments and recommendations, I have learned a lot and be able to 
complete my final year project successfully.  
 Not to forget, thanks to the entire laboratory assistants in the School of 
Industrial Technology especially Encik Rahim and Kak Ann for their sincere guidance. 
In addition, I would also like to thank my supervisor Phd student, Dr. Shima for her 
help and guidance throughout this project.  
 I would also like to give special thanks to my teammates, Lam Xue Mei and 
Hazimah Hanapi for helping me to finally complete our final year project. It is my 
great pleasure to have work with them. Finally, I would like to thank my course mates 















TABLE OF CONTENTS 
 Page 
DECLARATION BY AUTHOR iii 
ACKNOWLEDGEMENT iv 
TABLE OF CONTENTS v 
LIST OF FIGURES Ix 
LIST OF TABLES x 




CHAPTER 1 INTRODUCTION  
 1.1 Research background 1 
 1.2 Problem statement  3 
 1.3 Research objectives 4 
  
CHAPTER 2 LITERATURE REVIEW  
2.1 Food Packaging 5 
   2.1.1 Smart Packaging 5 
2.2 Edible Films  7 
   2.2.1 Polysaccharide-based films 7 
   2.2.2 Protein-based films 8 
   2.2.3 Fat-based films 8 
2.3 Edible Films Characterization 9 
   2.3.1 Mechanical Properties 9 
vi 
 
   2.3.2 Water Vapor Permeability Properties 10 
   2.3.3 Water Solubility Properties 10 
   2.3.4 Moisture Sorption Isotherm 10 
   2.3.5 Morphological properties 11 
   2.3.6 Fourier Transform Infrared (FTIR) Spectroscopy 11 
   2.3.7 Scanning Electron Microscopy (SEM) 12 
2.4 Anthocyanins 12 
   2.4.1 Stability of anthocyanins 12 
   2.4.2 pH sensitivity 13 
   2.4.3 Temperature sensitivity 13 
2.5 Dragon Fruit 14 
   2.5.1 Dragon fruit analysis 14 
2.6 Application of edible film 15 
  
CHAPTER 3 MATERIALS AND METHODS  
3.1 Materials  21 
3.2 Preparation of dragon fruit skin powder 21 
3.3 Total anthocyanin content  22 
3.4 Preparation of intelligent film incorporated dragon fruit skin powder  22 
3.5 Film characterization 23 
   3.5.1 Moisture content 23 
   3.5.2 Mechanical Properties 23 
   3.5.3 Water Vapor Permeability (WVP) 24 
   3.5.4 Water Solubility 25 
   3.5.5 Moisture Sorption Isotherm 25 
vii 
 
   3.5.6 Colorimetric analysis 26 
   3.5.7 Light transmittance 26 
   3.5.8 pH-sensing evaluations 27 
   3.5.9 Fourier Transform Infrared (FTIR) Spectroscopy 27 
   3.5.10 Scanning Electron Microscope (SEM) 27 
   3.5.11 Statistical Analysis 28 
  
CHAPTER 4 RESULTS AND DISCUSSION  
4.1 Total anthocyanin content 29 
4.2 Moisture content 31 
4.3 Mechanical properties 32 
4.4 Water Vapor Permeability (WVP) 33 
4.5 Water Solubility 35 
4.6 Moisture sorption isotherm 36 
4.7 Colorimetric analysis 38 
4.8 Light transmittance 39 
4.9 pH-sensing evaluation 41 
4.10 Fourier transform infrared (FTIR) spectroscopy 43 
4.11 Scanning electron microscopy (SEM) 45 
  
CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS FOR 
FUTURE RESEARCH  
 
   5.1 Conclusion 48 




REFERENCES  50 
  
APPENDICES  
   A: Graph of mechanical properties of DFBG films 58 
   B: Calculation of water vapour permeability (WVP) 60 
   C: Graph of water solubility of DFBG films 64 
   D: DFBG films incorporated with anthocyanins 65 
   E: Color changes of DFBG3 film after immersed in different buffer  65 
        solutions  




















LIST OF FIGURES 
 
Figure Caption  Page 
4.1 Water vapour permeability of DFBG films 35 
4.2 Moisture sorption isotherms 37 
4.3 Light transmittance of DFBG films 41 
4.4 FTIR spectra of DFBG films 44 























LIST OF TABLES 
 
Table Caption  Page 
2.1 The application of edible films with the addition of 
anthocyanins 
18 
4.1 Moisture content of each film concentrations 31 
4.2 Mechanical properties of each film concentrations 33 
4.3 Water solubility for each film concentrations 36 
4.4 Color values including L, a, b and ΔE of DFBG films 39 























LIST OF ABBREVIATIONS 
 
Abbreviation Caption 
∆E Total difference color 
°C Degree Celcius 
A  Absorbance  
a* hue a 
ATR-FTIR Attenuated Total Reflectance-Fourier Transform Infrared 
b* Chroma b 
CH3CO2Na∙3H2O Sodium acetate 
cm centimetre  
Cu  Copper  
d Film thickness (mm) 
DF Dilution factor 
DFS Dragon fruit skin 
DFBG Dragon fruit/bovine gelatin 
DFBG0 Dragon fruit/bovine gelatin film without addition of dragon 
fruit skin extract 
DFBG1 Dragon fruit/bovine gelatin with addition of 5% v/v dragon 
fruit skin extract 
DFBG2 Dragon fruit/bovine gelatin with addition of 10% v/v dragon 
fruit skin extract 
DFBG3 Dragon fruit/bovine gelatin with addition of 15% v/v dragon 
fruit skin extract 
ɛ Molar absorptivity constant 




GAB Guggenheim Anderson-Boer 
HCl Hydrogen chloride 
hr hour 
K Potassium 
KCl  Potassium chloride 
KCO3 Potassium carbonate 
KNO3 Potassium nitrate 
L Litre 





MgCl2 Magnesium chloride 
MgNO3 Magnesium nitrate 
MW  Molecular weight 
NaCl Sodium chloride 
nm nanometer 
RH  Relative humidity 
RH1 Relative humidity of dessicator 
RH2 Relative humidity of permeation cell 
rpm revolution per minute 
S Saturated water vapour pressure at test temperature (Pa) 
SEM Scanning electron microscope 
xiii 
 
UV Ultraviolet  
UV-Vis Ultraviolet visible region 
v/v Volume per volume 
Wi  Initial weight of film 
Wf  Final weight of film 
Wt  Weight of film at certain time 
WS Water solubility 
WVP Water vapour permeability 
























Dalam kajian ini, filem pintar berasaskan gelatin yang menggabungkan serbuk 
antosianin dari kulit buah naga (DFS) (Hylocereus polyrhizus) disiapkan sebagai 
petunjuk untuk kesegaran makanan. Ia disediakan untuk menilai kesan serbuk DFS 
terhadap sifat mekanikal, penyerapan kelembapan dan juga sifat kepekaan pH filem. 
Filem-filem itu dibuat dengan menggunakan teknik ‘casting’ dan dilabelkan sebagai 
DFBG bersesuaian dengan isi pengekstrakan yang berbeza. Filem DFBG ini dicirikan 
oleh ‘Fourier transform infrared’ (FTIR) dan mikroskopi elektron pengimbasan 
(SEM). Kandungan kelembapan, sifat mekanik, kelarutan air, kebolehtelapan wap air, 
transmisi cahaya, penilaian warna dan penginderaan pH ditentukan untuk menilai 
kemungkinan penerapannya. Spektroskopi FTIR mendedahkan bahawa antosianin 
dalam ekstrak dapat berinteraksi dengan komponen filem lain melalui ikatan hidrogen. 
SEM juga menunjukkan bahawa dengan penambahan ekstrak, filem yang dipamerkan 
menjadi halus dan memberikan permukaan yang jelas. Penggabungan antosianin dari 
serbuk DFS telah meningkatkan kandungan kelembapan, ketebalan dan kelarutan air 
filem, tetapi menurunkan kekuatan tegangan, kebolehtelapan wap air dan pemancar 
cahaya filem. Filem-filem tersebut menunjukkan ΔE yang lebih besar dengan 
peningkatan jumlah ekstrak yang menunjukkan bahawa filem-filem tersebut 
menghasilkan perubahan warna yang baik. Namun, tidak ada perubahan yang 
signifikan terjadi ketika filem tersebut didedahkan dengan larutan pH yang berbeza. 
Lebih banyak larutan ‘buffer’ diperlukan untuk memerhatikan perubahan warna filem. 
Oleh itu, kajian ini menunjukkan bahawa filem DFBG3 yang menunjukkan hasil yang 






In this study, gelatin-based intelligent film incorporating anthocyanin from 
dragon fruit skin (DFS) powder (Hylocereus polyrhizus) was prepared as an indicator 
for food freshness. It was developed to evaluate the effects of DFS powder on its 
mechanical properties, moisture sorption properties and also the pH sensitivity 
properties of the films. The films were made by using the casting technique and labeled 
as dragon fruit bovine gelatin (DFBG) according to the different extraction content. 
DFBG films were characterized by Fourier transform infrared spectroscopy (FTIR) 
and Scanning electron microscopy (SEM). The moisture content, mechanical 
properties, water solubility, water vapour permeability, light transmittance, color and 
pH-sensing evaluations were determined to evaluate its potential applications. FTIR 
spectroscopy revealed that the anthocyanin in the extract can interact with the other 
film components through the hydrogen bonds. SEM also presented that with the 
addition of the extract, the films exhibited to be smooth and give a clear surface to the 
films. The incorporation of anthocyanin from DFS powder had increased the moisture 
content, thickness and water solubility of the films, but decreased the tensile strength, 
water vapour permeability and light transmittance of the films. The films showed to 
give larger ΔE with an increased amount of the extract indicated that the films 
produced good color variability. However, no significant changes happened when the 
films were exposed to different pH buffer solutions. More buffer solutions were 
needed in order to observe the color changes of the films. This study, therefore, 
indicated that DFBG3 film which showed to give good results can be used to monitor 
the freshness of food. 
